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TURBINE ENGINE FRAME HAVING AN
ACTUATED EQUILIBRATING CASE

BACKGROUND OF THE INVENTION

This invention relates to a frame for a turbine engine such
as a mid-turbine frame.

A mid-turbine frame for a turbine engine couples a spool to
a high spool of a turbine engine. The mid-turbine frame is
located between the high pressure turbine and the low pres-
sure turbine. Consequently, there 1s a large thermal gradient

between the high pressure turbine and the low pressure tur-

bine that contributes to the load on the frame 1n addition to the
mechanical loads of the turbine engine in normal operation.
Because of the large thermal gradient at this location, there 1s
a greater propensity for the mid-turbine frame to distort and
become oval in shape. This ovalization of the frame can
interfere with the normal operation of the low spool and the
high spool of the turbine engine, placing excess loads on the
bearings that support the spools on the frame.
A need therefore exists for a frame that o
created in this region of the turbine engine.

.

sets the load

SUMMARY OF THE INVENTION

The mvention comprises a turbine engine assembly having,
a frame and a turbine engine spool. A strut couples the frame
to the turbine engine spool. In addition, an actuator couples
the strut to the frame. The actuator has a spring.

The various features and advantages of this invention waill
become apparent to those skilled 1n the art from the following,
detalled description. The drawings that accompany the
detailed description can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a perspective view of the inventive turbine
engine assembly with frame, turbine engine spool, strut and
actuator.

FIG. 2 illustrates an alternative perspective view of the
turbine engine assembly of FIG. 1.

FIG. 3 illustrates a cross-sectional view of the turbine
engine assembly, including frame, turbine engine spools,
struts and torque box.

FI1G. 4 1llustrates a view of an inventive actuator of FIGS.
1-3.

FI1G. 5 1llustrates a cross-sectional view of a spring used in
the actuator of FIGS. 1-4.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIGS. 1 and 2 illustrate alternative perspective views of the
inventive turbine engine assembly 10. Turbine engine assem-
bly 10 has frame 14 having a generally cylindrical shape 34.
First opening 38 1s provided on one side of frame 14 while
second openming 42 1s provided on the other. First opening 38
1s spaced from second opening 42 along an axis, axis A, of
generally cylindrical shape 34. Disposed within frame 14 1s
first turbine engine spool 18 and second turbine engine spool
108. As shown in FIG. 2, first turbine engine spool 18 1s
nested within second turbine engine spool 108. First turbine
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engine spool 18, a low spool, 1s linked to a turbine fan, a low
pressure compressor, and a low pressure turbine while second
turbine engine spool 108, a high spool, 1s linked to a high
pressure compressor, and a high pressure turbine as known.
First spool 18 and second turbine engine spool 108 rotate
about axis A on low spool bearing 128 and high spool bearing
132. First turbine engine spool 18 and second spool 108 are
supported to rotate about axis A by first struts 26, vanes 136
and second struts 96. With reference to FI1G. 3, torque box 140
links movement of first strut 26 with second strut 96 so that
loads on frame 14 as well as from turbine engine spools 18
and 108 may be balanced.

In contrast to other turbine engine assemblies, iventive
turbine engine assembly 10 employs a unique actuator to
olflset loads caused by thermal forces as well as mechanical
forces. With reference to FIG. 4, first actuator 30 1s shown
coupling first strut 26 to frame 14. First actuator 30 comprises
first spring 30 disposed about both sides of cam 84. First
spring 50 1s made of two leafs, first leal 88 and second leai 92.
First leal 88 1s made of first material 60 having first coelficient
of thermal expansion 64 while second leat 92 1s made of
second material 68 having second coellicient of thermal
expansion 72. First material 60 may be steel, which has a
positive coelficient of thermal expansion, while second mate-
rial 68 may be ceramic, which may have a negative coelficient
of thermal expansion. The coelficient of thermal expansion of
steel 1s much greater than the coellicient of thermal expansion
of ceramic. For reasons that will be explained later, this dii-
ference contributes to the operation of actuator 30.

As shown, first leat 88 1s attached to frame 14 at first
portion 76 by screw 78. At the other end, second portion 80 of
first leat 88 1s secured to cam 84. Cam 84 1s affixed to cup 144
by pin 148. Cam 84 may rotate in the direction of arrow B or
arrow C, although this movement and rotation will be slight in
actual operation. Cam 84 rests on rod 152, which 1tself 1s
coupled to spring 156, having one end attached to rod 152 and
the other end attached to first strut 26. Cam 84 may rotate on
contact surface 160 of rod 152 and may also move 1n the
direction of arrow D or E relative to {irst strut 26 as shown.
Cup 144 will likew1se move with cam 84 along the directions
of arrow D or E because of 1ts link to cam 84 through pin 148.
With reference to FI1G. 3, first strut 26 1s linked to torque box
140 by a mechanical connection, such as a ball joint. First
strut 26 and second strut 96 are made 1n the same way, the
only difference being, as shown 1n FIG. 3, the length of the
actual strut.

As shown 1 FIG. 1, multiple first struts 26 extend radially
about spool 18. With reference to FIG. 4, each first strut 26 1s
separated from 1ts neighboring first strut 26 so that first por-
tion 76 1s secured independently to frame 14 from a neigh-
boring spring of a neighboring actuator. In this way, first strut
26 may move somewhat independently of 1ts neighboring
strut. For example, with reference to FIG. 1, third strut 116 1s
coupled to third actuator 120 having third spring 124. Third
strut 116 1s spaced from first strut 26 such that third spring 124
1s not affixed to first spring 50. Accordingly, first strut 26 may
move independently of third strut 116. These radially spaced
first struts 26 ensure that frame 14 has a segmented design,
which divides loading and unloading forces on frame 14 into
more controllable segments. Consequently, ovalization of
frame 14 1s minimized.
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The operation of first strut 26 and actuator 30 will now be
explained with reference to FIGS. 4 and 5. Distortions of
frame 14 are transmitted to first spring 50 by screw 78 as
frame 14 expands radially outward, say in the direction of
arrow R, such as due to thermal expansion of frame 14. Frame

14 will pull screw 78 as well as first portion 76 of first spring
50 1n the same direction, creating tension in first leal 88,
which 1s fixed at the other end to cam 84. Second leat 92 1s

fixed, such as by bonding to first leat 88, and 1s made of

second material 68 having second coeflicient of thermals

expansion 72, which 1s less than the first coellicient of thermal
expansion of first material 60. Consequently, tension 1n the

direction of arrow G of first leaf 88, made of steel, will be
resisted by second lea1 92 1n the direction of arrow H, thereby
offsetting pull of frame 1n the direction of arrow R of {first
portion 76. Indeed, 11 second material 68 1s a ceramic having,
a negative coellicient of thermal expansion, even greater
resistance to tensile forces in the direction of arrow G 1s
accomplished. Consequently, while frame 14 may tend to
expand due to high temperatures in the direction of arrow R,
such expansion 1s resisted by the thermal contraction of sec-
ond material 68.

Tension in first leal 88 may be further reduced by rotation
of cam 84 in the direction of arrow B. In the event force on
frame 14 1s reduced 1n the direction of arrow R, then first leaf
88 may resiliently contract in the direction of arrow H causing
cam 84 to rotate back 1n the direction of arrow C. In this way,
forces caused by mechanical loading as well as thermal
expansion can be alleviated by actuator 30.

In addition, 1n the event of forces on strut in the direction of
arrow E, such as caused by loads from first turbine engine
spool 18, coil spring 156 1s provided to absorb this force by
compressing so that movement of cam 84 1n the same direc-
tion of arrow E 1s eliminated or reduced. When first strut 26
moves back 1n the direction of arrow D, cam 84 1s relatively
unaffected.

The mventive strut design permits load balance and equi-
librium of forces from bearings, here low spool bearing 128
and high spool bearing 132, as well as forces from thermal
expansion of frame 14. In particular, thermal forces are oifset
by first spring 50 while mechanical loads from bearings are
offset by coil spring 156. In this manner, frame 14 achieves
radial and circumierential stability, which leads to longer part
life of bearings 128, 132 and frame 14.

The foregoing description shall be interpreted as illustra-
tive and not 1n any limiting sense. A worker of ordinary skall
in the art would recognize that certain modifications would
come within the scope of this invention. For that reason, the
tollow claims should be studied to determine the true scope
and content of this invention.

We claim:

1. A turbine engine assembly, comprising:

a frame;

a first turbine engine spool;

a first strut for coupling said frame to said first turbine

engine spool; and

a first actuator coupling said first strut to said frame, said

first actuator having a first spring and a cam, said cam
coupling said first spring to said first strut.

2. The turbine engine assembly of claim 1 wherein said first
spring comprises a composite having a first material with a
first coetficient of thermal expansion and a second material
with a second coellicient of thermal expansion, said first
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coellicient of thermal expansion different than said second
coellicient of thermal expansion.

3. The turbine engine assembly of claim 2 wherein one of
said first coelficient of thermal expansion and said second
coellicient of thermal expansion 1s negative.

4. The turbine engine assembly of claim 2 wherein said first
coellicient of thermal expansion 1s positive and said second
coellicient of thermal expansion 1s negative.

5. The turbine engine assembly of claim 2 wherein said first
material 1s a metal and said second matenal 1s a ceramic.

6. The turbine engine assembly of claim 1 wherein said first
spring 1s coupled to said frame.

7. The turbine engine assembly of claim 1 wherein said first
spring comprises a first leaf spring.

8. The turbine engine assembly of claim 7 wherein a first
portion of said first leaf spring 1s coupled to said frame and a
second portion of said first leaf spring 1s coupled to said strut.

9. The turbine engine assembly of claim 1 including a
second strut spaced along an axis of said first spool, said
second strut coupled to said frame by a second actuator com-
prising a second spring.

10. The turbine engine assembly of claim 9 including a
second turbine engine spool coaxial with said first turbine
engine spool, said second strut coupled to said frame and said
second turbine engine spool.

11. The turbine engine assembly of claim 1 including a
second strut spaced radially from said first strut, said second
strut coupled to said frame by a second actuator comprising a
second spring.

12. The turbine engine assembly of claim 1 wherein said
frame comprises a generally cylindrical shape having a first
opening and a second opening, said first opening spaced
along an axis of said cylindrical shape from said second
opening, wherein said frame curves inwardly between said
first opeming and said second opening.

13. A turbine engine assembly, comprising:

a frame;:

a first turbine engine spool;

a first strut for coupling said frame to said first turbine

engine spool; and

a {irst actuator coupling said first strut to said frame, said

first actuator having a first spring coupled to said frame,
said first actuator having a cam coupling said {irst spring,
to said first strut, said first spring comprising a first leaf
of a first material with a first coefficient of thermal
expansion and a second leaf of a second material with a
second coelficient of thermal expansion, said first coel-
ficient of thermal expansion different than said second
coellicient of thermal expansion, said first leat disposed
on said second leaf.

14. The turbine engine assembly of claim 13 wherein one
of said first coelficient of thermal expansion and said second
coellicient of thermal expansion 1s negative.

15. The turbine engine assembly of claim 14 wherein said
first coelficient of thermal expansion i1s positive and said
second coellicient of thermal expansion 1s negative.

16. The turbine engine assembly of claim 13 wherein a first
portion of said first leaf spring 1s secured to said frame and a
second portion of said first leaf spring 1s secured to said strut.

17. The turbine engine assembly of claim 16 including a
second strut radially spaced from said first strut along a radius
of said first spool, said second strut coupled to said frame by
a second actuator comprising a second spring, said second
spring comprising a third leaf of said first material with said
first coellicient of thermal expansion and a fourth leaf of said
second material with said second coefficient of thermal
expansion, said first coelficient of thermal expansion differ-
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ent than said second coeflicient of thermal expansion, said with a second coelficient of thermal expansion, said first

third leaf disposed on said fourth leaf, said first spring secured coellicient of thermal expansion different than said sec-

to said frame at a different location than said second spring to ond coefficient of thermal expansion, said actuator fur-

said frame. ther comprising a cam for coupling said spring to said
18. A strut assembly for a turbine engine, comprising: 5 strut.

a strut for coupling a turbine frame to a turbine engine 19. The turbine engine assembly of claim 18 wherein said

spool; and actuator permits rotation between said spring and said strut.

an actuator for coupling said strut to the frame, said actua-
tor having a spring comprising a first material with a first
coellicient of thermal expansion and a second material I T
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